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(54) Electrical circuit protection 
compositions 



comprising PTC conductive liquid crystal polymer 



(57) Electrical circuit protection devices (1 ) contain- 
ing PTC elements (2) comprised of conductive polymers 
(3) which exhibit PTC behavior and are used to protect 
a load in an electrical circuit, in which the PTC conduc- 
tive polymers are based on highly crystalline and highly 
ordered liquid crystal polymers (3.1) and particulate 
conductive fillers (3.2) dispersed therein, which are 
cross-linked by radiatbn. These circuit protection devic- 
es (1) operate as automatk:ally resettable current llmit- 
ers and are particularly useful for protecting motors^ so- 
lenoids, telephone lines and batteries, and for enhanc- 
ing circuit interruption capability when used in conjunc- 
tion with breakers and contactors. The liquid crystal pol- 
ymers (3.1) include aromatic polyesters, e.g., poly(p- 
phenylene terephthalate) and poiy(p-hydroxyben- 
zoate); aromatic copolyesters, e.g., poly(p-hydroxyben- 
zoate-co-2,6-hydroxynaphthoate),poly(deca-methyle- 
neterephthabyl di-p-hydroxybenzoate, and poly(ethyl- 
ene terephthalate-co-oxybenzoate); aromatic copoly es- 
ter amides, e.g., poly(2:6-hydroxy-naphoate-pheno- 
xyaminoterephthoate); aromatic polyamides, e.g., poly 
(p-phenylene terephthalamide), Kevlar, poly(p-benza- 
mide), poly(2-chloro-1 ,4-phenylene terephthalamide), 
poly(p,p'-biphenylamide), and poly(2,6-napthalamide]; 
aromatic polyazomethines, e.g.. poly(nitro-2-methyl- 
1 ,4-phenylenenitriloethytidine-1 .4-phenylenethylidine), 
poly(nitnlo-2-methyl-1,4-phenylenenitrilomethylidine- 
1 ,4-phenylenemethylidine), and poly(nitrolo-2-chbro- 
1 .4-phenyl6nenitrilomethylidine-1 ,4-phenytenemethyli- 
dine); and, blends thereof. The particulate conductive 
fillers (3.2) include carbon black, carbon fibers, graphite, 
and metal flakes. 
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Description 

1 ■ Field of the Invention: 

s The Invention relates to the field of electrk^al circuit protection devices, and in particular to electrical circuit protection 

devices comprising a PTC element composed of a PTC conductive polymer composition. The invention also relates 
to the field of electrically conductive PTC polymer compositions which are characterized by being In a relatively low 
resistance state which readily conduct a current therethrough under steady-state conditbns, but which exhibit what is 
known as PTC behavior (positive temperature coefficient of resistance), i.e., rapidly transform into a relatively high 

10 resistance state due to self -heating of the PTC polymer above a switching temperature to limit current conduction 
therethrough to a safe value when subject to overcurrent conditions. Further, upon dissipation of the overcurrent con- 
ditions, the PTC polymer compositions cool and automatically revert back to the low resistance state to resume current 
conduction therethrough. This invention has application as an automatically resettable fuse or current limiter for over- 
current protection. 

IS 

2. Background of the Invention: 

Conductive polymer compositions which exhibit positive temperature coefficient of resistance (PTC) behavior, and 
electrical devices comprising PTC conductive polymer compositions have been widely used. The PTC conductive 

20 polymer compositions generally Include conductive particles, such as carbon black, graphite or metal particles, dis- 
persed in a polymer matrix, such as ciystalline or noncrystalline thermoplastic polymer, elastomeric polymer or ther- 
mosetting polymer. PTC behavior In a conductive polymer composition is characterized by the material undergoing a 
sharp inc ease in resistivity as its temperature rises above a particular value otherwise known as the anomaly or 
switching temperature, T^. At normal temperatures the conductive particles form chains in the polymer matrix to create 

2S a polymer composite with high electrical conductivity. Typk^ally the initial resistivity of the PTC conductive polymer Is 
from about 25 to 100,000 ohm-cm at temperatures below the switching temperature, T3, the lower limit being based 
on the requirement that at temperatures above T^, the PTC material should be an insulator and the upper limit being 
based on the requirement that at temperatures below T^, the PTC material should be a conductor. Materials exhibiting 
PTC behavior are useful in a number of applications including electrical circuit protection devices in which the size of 

30 the current passing through a circuit is controlled by the temperature of a PTC element forming part of that circuit. 

Particularly useful devices comprising PTC conductive polymers are electrical circuit protection devices. Such 
circuit protection devices usually contain a PTC element comprised of two electrodes embedded in a PTC conductive 
polymer. When connected to a circuit, the circuit protection devices have a relatively low resistance under normal 
operating condrtk>ns of the circuit, but are tripped, that is, converted into a high resistance state when a fault condition, 

3S for example, excessive current or. temperature, occurs. When the circuit protectbn device Is tripped by excessive 
current, the current passing through the PTC element causes It to self-heat to its transition temperature or switching 
temperature, T3, at which a rapid increase in its resistance takes place, to transform it to a high resistance state. The 
switching temperature, Tg, can be related to the glass transition temperature, Tg, or crystalline melting temperature, 
T^, of the conductive polymer. 

40 The increase in resistance is accompanied by an expansion of the PTC element along an axis of expansion as 

the temperature rises through the polymer glass transition temperature (Tg). The resistance of the PTC element con- 
tinues to increase as the temperature rises above T3, until it reaches a maximum resistance at its peak resistance 
temperature, and the resistance thereafter decreases more or less rapidly. After the excessive current is cleared, the 
PTC element thermal cycles and self -cools to revert to its low resistance state where the conductive particles recombine 

4S to restore conductive paths to resume current conductkMi. 

Representative electrical circuit protection devices and PTC conductive polymer compositions for use In the de- 
vices are described for example in U.S. Pat. Nos. 4,545,926 (Fouts, Jr.. et al.), 4.647,894 (Ratell), 4,685,025 (Carlo- 
magno), 4,724,417 (Au, et al ), 4,774.024 (Deep, et al.), 4,775,778 (van Konynenburg, et al.), 4,857,880 (Au, et al.), 
4,910,389 (Sherman, et al ), 5,049,850 (Evans), and 5,195,013 (Jacobs, et al.). 

so In many electrrcal devices, and especially in circuit protection devices, the PTC conductive polymer compositions 

are frequently cross-linked, for example, by radiation, which is generally preferred, or by chemical cross-linking, in 
order to improve the physical and/or electrical properties of the compositions exhibiting PTC behavk>r. Cross-linking 
can be used to ensure that the resistivity of the composition remains at a high level as the temperature of the composition 
is Increased above Its switching temperature. Through cross-linking of the PTC conductive polymer, the desired re- 

ss sistanceAemperature characteristics can be prepared. Cross-linking a PTC polymer generally increases its resistivity 
as well as its electrical properties. For details of cross-linking of PTC conductive polymers, reference should be made 
to, for example, U.S. Pat. Nos. 4.724,417 (Au etal ), 4,775,778 (van Konynenburg. etal ), and 5, 195,01 3 (Jacobs, etal ). 
In U.S. Pat. No. 4,775,778 (van Konyenburg, et al.), It was discovered that non-crystalline and crystalline polymers 
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(which already show pronounced PTC behavior due to the crystal tin rty of the polymer) that are characterized by a rapid 
increase in resistance over a narrow temperature range from glass transition temperature (softening) to crystalline 
melting point, such as thermoplastic, elastomertc or thermosetting polymers having carbon black particles dispersed 
therein, can be cross-linked by radiation or chemicals to either establish PTC behavior or improve existing PTC be- 

5 havior, as well as Improve the structural properties of the PTC polymer. 

In U.S. Pat. No. 4,724.417 (Au, et al.). an electrical circuit protection devk:e Is prepared from PTC conductive 
polymers comprising a polymeric component and a particulate conductive filler whk:h is cross-linked in two steps and 
heated between the steps to a temperature above the glass transition temperature (softening temperature) of the 
polymer and preferably above the crystalline melting temperature, in order to improve the electrical properties of the 

10 PTC conductive polymer, especially for the ability to withstand high voltage current of about 600 volts. 

In U.S. Pat. No. 5, 1 95,01 3 (Jacobs, et al.), radiation cross-linking of PTC conductive polymers such as crystalline 
thermoplastic polymers having carbon black dispersed therein, at radiation dosages of at least 50 Megarads (Mrads), 
preferably between 120 to 600 Mrads, Is shown to improve the ability of the PTC polymer to withstand a substantial 
number of thermal cycles from Its low resistance state to a high resistance state (induced by resistive heating) and 

fs back again. 

It would be desirable to provkje electrical circuit protection devices containing PTC conductive polymer connposl- 
tions which are based on conductive particles dispersed in highly crystalline and highly ordered polymeric components 
which can be cross-linked and which exhibit excellent PTC behavior. 

What is needed is PTC conductive polymer compositions and electrical circuit protection devices comprising PTC 
20 conductive polymer compositions which are based on liquid crystal polymers. 

3. Summary of the Invention: 

We have now discovered that PTC conductive polymers based on liquid crystal polymers or cross-linked liquid 
2S crystal polymers have useful PTC behavior, and can be used in electrical devices, such as circuit protection devices, 
to Improve the electrical and physical properties of the PTC element in the device. 

It is an object of the invention to provide electrical devices such as circuit protectk>n devices comprising a PTC 
element based on intrinsically highly crystalline liquid crystal polymers. 

It is an object of the invention to provide PTC conductive polymer compositions based on intrinsically highly crys- 
30 talline liquid crystal polymers. 

It is a feature of the invention to provide a PTC conductive polymer with more controlled switching during tripping. 
It is a feature of the inventk>n to provide a PTC conductive polymer with more resistance to damage from radiation 
during cross-linking. 

In one aspect, the invention resides in PTC corKJuctlve polymer compositions which comprise: (1) conductive filler 

3S particles dispersed in a (2) polymer matrix, where the polymer matrix comprises a liquid crystalline polymer, which is 
preferably cross-linked with radiatbn, to provide a PTC compositbn which has many technk^al advantages over the 
current state of the art. In these PTC conductive polymer compositions, the polymer matrix of liquid crystalline polymers 
can include one or more liquid crystalline polymers. The liquid crystalline polymers are preferably melt processable 
thermotropic liquid crystalline polymers. These liquid crystalline polymers are characterized by having a high degree 

40 of crystallinity in its mesomorphic state which intrinsically imparts a high degree of PTC behavior upon dispersal of 
conductive filler particulates therein. Preferably the liquid crystalline polymers are comprised of aromatic polyesters 
such as an aromatic copolyester. e.g.. poly(p-hydroxybenzoate-co-2,6-hydroxynaphthoate) which can be formed as 
the condensation (transesterificatbn) product of hydroxybenzok: acid and hydroxynaphthoic acid, or an aromatic pol- 
yester amide such as an aromatic copolyester amkje, e.g., poly(2,6-hydroxynapthoate-phenoxyaminoteFephthoate) 

^ whk;h can be formed as the condensatbn (transesterif icatlon) product of hydroxynaphthoic acid, terephthalic acid, and 
4*-hydroxy-acetanlllde. Other liquid crystalline polymers can also be used as described herelnbelow. Further In this 
PTC conductive polymer composition, the conductive filler parttoles Incorporated Into the polymery matrix can Include 
carbon black, graphite, metal powders, metal salts and conductive metal oxides. This PTC conductive polymer com- 
position can also include non-conductive filters such as flame retardants, arc-suppression agents, radiation cross- 

so linking agents, plasticizers, antioxidants, and other adjuvants. These PTC conductive polymer compositions can further 
be cross-linked by radiation for improved electrical properties. 

In another aspect, the invention resides in electrical devices, in particular circuit protection devices, which comprise 
generally two electrodes in contact with and electrically connected to a PTC element comprising a liquid crystalline 
polymer, preferably cross-linked, having particulate conductive filler dispersed therein and preferably having sufficient 

ss cross-links to provide the desired PTC effects. This device is electrically connectable to a circuit with a load and a 
source of electric power to cause current to pass through the PTC element during normal conditions. But when an 
excessive current Is passed through the PTC element. It causes the PTC element to setf-heat to a switching temper- 
ature. T3, and expand along an axis of expansion, thereby rapidly increasing the resistance of the PTC element and 
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limiting the current passing through the PTC element to a safe value. Once the fault current is cleared, the PTC element 
self-cools and automatically reverts back to its low resistance state. 

4 Brief Description of the Drawings: 

There are shown in the drawings certain exemplary embodiments of the invention as Pf«sently preferred^ It sf^uld 
be understood that the invention is not limited to the embodiments disclosed as examples, and is capable of varetion 
within the spirit and scope of the appended claims. In the drawings, 

FIGURE 1 is a front cross-secttanal view of a circuit protection device of the invention in which two P^^llel elec- 
trodes connectable to an electric circuit are embedded in a PTC element which is based on a liquKl crystalhne 
polymer and conductive particles dispersed therein; 
FIGURE 2 Is a side cross-sectional view on line 2-2 of FIGURE 1; 

FIGURE 3 is a top cross-sectional view on line 3-3 of FIGURE 1 ; and, , ,„^.. 

FIGURE 4 is an electrical circuit of the invention which includes a circuit protection device of FIGURE 1 connected 
in series with a load and power source. 




The novel PTC liquid crystalline polymer compositions of this invention exhibit PTC behavior In general, the PTC 
behavtorTthese compositSns can be characterized by being relatively conductive when used as a circuit <»rnpon«it 
Sn^rnorr^lcurrenfbut which exhibrtavenr Sharp 

non^o^^^re when the temperature of these compositions increase above a switching temperature or switching 
xZ^^uTranT-r.- due to resistive heating (laR) generated from a fault current The PTC lk,uid crysta line polymer 
cZpoTrtions of the invention are particularly useful as a PTC element in electrical circurt P'<^^^;^.. ^ 
?he PTC liquid crystalline polymer composition of the invention comprises (a) a polymenc ^^^^^^^^ 
oneor more liquid ciysLline polymers and (b) a particulate conductive filler component. theconductivefiHercomponem 
befng dTpersTd or incorporated in the polymeric component to fom, conductive chains in the polymer for 

current conduction under normal temperatures and current conditions. . . ^ u 

Tiua cr^Slne polymers suitable for use in the invention include thermotropb (thermal V activated mesophases) 
liquidXstaL polyrSei which are melt processable, and lyotropic (solvent activated mesophases) "'Q" J ^r/staH^^^^ 
Sm^ra although themwtropic liquid crystalline polymere are preferred. Such thermotropic liquid crystalline po^mers 
are^STaracteSedby having an unusually high degree of crystallinity and long range order in its mesomorphic sta e 
TcuTn^wrthh ^rtaSlemperature rangk which imparts a high degree of PTC behavior upon dispersal of part-cu ate 
^uSnnrr! in the pojmer. Them,ot,opic liquid aystalline polymers have a unique combina^^«i of properties. 
SSSt^chanical propeLs. very low melt viscosities 
See len Seal pro%rties, high 2,lvent resistance 

(vS tow Si shriLge and low coefficient of thermal expansion), high flame retardance. low gas and I«,uk1 perme- 
^'^Setuld^^^Hi^^^^^^^ 

liouid civstal DOlvmers in the chemical families of (1) aromatic polyesters, (2) aromatic copolyesters, (3) aromatic co- 
Se^tS^ImSesT) L^^^ POlyamides. and (5)aromatic polyazomethines and blends thereof, '""^trative ej^mp^^^^^ 
S^sutebie aromat c polyester Bquid ciystalline polymers include, without limitation. poly(p-phenylene terephthalate), 
?,ry(Xdro^b^zo'Se\^ 

Sde without limitation. poly(p-hydroxybenzoate-co-2,6-hydroxynaphthoate). poly(deca-methyleneterephthatoyldi- 
rhydro)^2^nzia^ poly(^^^^^^^ ^ ^ illustrat^e exan.ple of suable ar- 

omaSc copolyeste arrUde lfc,uid crystalline polymers Include, without limitation. poly(2.6-hydroxynaphoate-phe- 
rilSSXthoate), and'the u2 Illustrative examples of suitable aromatic polyamide liquid c-vsta^^ne potyme^ 
without limitation. poly(p-phenylene terephthalamide). Kevlar, poly(p-benzam.de). poly(2-chlo.o-1 .4^)he- 
ryt^e Jiht^alamide). poJ(pTbiphenylamide), poV(2,6-napthalamide), and the like. '"-f^l'^V^irSf^t;;;^ 
^le aromiic polyazomethine liquid crystalline po^mers Include, without limtetion, ^^^^'^J^^'^^-'^y^^^^' 
SlerenitriloethylidX,e-1,4,,henylenethylidlne). Po'y(-trilo-2-methyM.4-phenytenenrtr.lom^^^ 
emethvlidine), poly(nitrolo-2-chloro-1.4-phenylenenitrilomethylidlne-1,4-phenylenemethylidine). and the like. These 
^utCSne'p^Urs can either be prepared by conventional techniques or commercially obtained f^m 

An exampleSa preferred aromatic copolyester comprising poly(p-hydroxybenzoate^2,6-hydroxynaphthc^e) 
that te^sS for use in the inventfon is sold by Hoechst-Celanese Corporation under the trademark Vectra A95a 
Sulh an arfn^tlc copo^ester is composed of the esterification product of about 70 mole% hydro^be-nzoic acd (HBA) 
and atout 30 mole% 2,6-hydroxynap^ok: acW (HNA) which polymerization can be represented by the chemical re- 
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action shown in Equation (1). 



5 



10 



IS 




An exampio of a preferred aromatic copolyester amide comprising poly(2,6-hydroxy-naphoate-phenoxyaminoter- 
ephthoate) thai is suitable lor use in the invention is sold by Hoechst-Celanese Corporation under the trademark Vectra 
20 B950. Such an aromrtlic copolyesler amide is composed of the esterification product of about 58 mole% 2, 6-hydrox- 
ynaphthoic acid (HNA) dtx>ul 21 mole% terephthalic acid (TPA), and about 21 mole% 4'-hydroxyacetanilide (HAA) 
which polymer i/c«t on can be represented by the chemical reaction shown in Equation (2). 
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Particulate conductive fillers suitable for use in the invention can include, for example, conductive carbon black, 
graphite, carbon fibers, metal powders, e.g., nickel, tungsten, iron, copper, etc.. or alk^y powders, e.g., nichrome. brass, 

45 conductive metal salts, and conductive metal oxides, with carbon black, graphite and carbon fibers being preferred. 
The conductive filter particles are distributed or dispersed in the liquid crystalline polymer matrix, to fomn conductive 
chains In the polymer under normal temperature conditions. The conductive particles are dispersed in the polymer 
matrix preferably in ihe amount of 5 to 80% by weight, more preferably 10 to 60% by weight, and more preferably about 
30 to 55% by weighty based on the weight of the total PTC polymer The conductive particles preferably have a particle 

so size from about 0.01 to 200 microns, preferably from about 0.02 to 25 microns. The particles can be of any shape, 
such as flakes, rcxis, spheroids, etc., preferably spheroids. The amount of conductive particles incorporated into the 
polymer matrix will depend on the desired resistivity of the PTC conductive polymer composition. In general, greater 
amounts of conductive particles in the polymer matrix will result in a lower resistivity for a particular polymery materiaL 
Carbon fiber filled liquid crystalline polymers are sold by Hoechst-Celanese under the trademarks Vectra A230 (Blend 

^ of 70% Vectra A950 and 30% carbon fiber) and Vectra B230 (Blend of 70% Vectra 8950 and 30% carbon fiber). 

The composition can also contain non-conductive fillers including arc suppression agents, e.g., alumina trihydrate, 
radiation cross-linking agents, antioxidants, flame retardants, inorganic fillers, e.g. silica, plasticizers, and other adju- 
vants. 
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crystalline composition to the sourcTand ^nl!?^ °" ''"""S involves exposing the formed PTC fiquid 

ation dose is tr^m ^TxoT^ZX Z^Z MTadf ''T"' ''"'^'^"^ 

and most preferabV about 150 to 250 Mrads Pf^lS^TJ^ ?P "^'^ P^e^««bly 100 to 300 Mrads. 

the specified «nge. The radiation e^c^S timrcanlL^^^^^^ h ''^'^ ^ *^ 

preferably 1 day to 3 days or less. It should be underst^ tZ a oeTZ ,tm f '^'^"^ ^ ' ^ ^^^^ 

dosage and exposure time in order to obtain deJred^c ^L^^i^r^ ^! ^"^ ^""^"'^ ^«^««on 

temperature range in which the PTC comSta^ rrlTuI^^^ "^^"^ ^'^''^ 'f'e 

the desired PTC characteristics SurtablTSlZ cSS™ Tw^""* "^"''^ "^"'^ P^ly^e^ with 

also possible that the conductive OBrtMmTLnr^^Z,'' '^Z^' "^O-S- 'onic cross-links can also be used It is 

Chain by radiation. thereb^eni^nTg^^^^ ,!° '^"''^ '"''^'"^^ ^^"^^ 

the desired resistanceAemperature behe^SmunZZf^^ cross-linking density is that which will achieve 
composition. undesirabfy compromising the physical properties of the PTC 

ponent. and possible other adiuvants anc^^h«n ^LT ""^^^^^^"^ component and the particulate conductive filler com- 
Polymer.andTencrossrk2rreX^^^^^^ 

po.ymrf:;^TCrs-rt^^^^^^^^^^ 

Inii:t:o^c^;rc;:^^^^^^^ Z Sl'^^^"'"": ^'^^ -e^a. 

polymer Chains are regularly orLedi^ral ^iiSiT^^^^^ ^ "'^'^ '"''^ ''^P^^ 

.c^r.to.pr.ealignmlo,theo^d^3::-Zr^^^ 

^"^ss^rni^rr^^^^^^^ 

3. The higher meltingAransition temoerature of ,h« iin^rn ! J? f^^'^ ^r tower electrical resistivities, 
stabimy and high energy abso^r S^y^rhU'c^r^^^^^^ ' "^^"^"'^ 

polylrrj^^o'^^^^^ T::rr''^''f ^'^^^ ^^-P^^- crystamne 

covalent bonds between ^e Ust^SZl^lmeL^^^^ P^^^*^^ °' suppVemental 

e g., carbon black. Such cross-linkS^Snl to^Z the^T^^^^^^ 

thermal cycling stability Cross-linkinn ran =1^ i!!^ .1 '"tensity and electrical reproducibility, especially for 

the po^'er fr^e radiSs T^^^e^Z^l^'^S^^^^^^ ^^^'"^^ ^ -^"^ °' '"^^^ 

that are susceptible to oxygen The cross-Hntoa^« tTnnJ^ J ^^^^^''^^"^e of such bonding are chemical sites 

Furthermore, the relS^ sTr^nJ^hZt Sv^^^^^^ "^"^ temperature, 

network tends to reduce the reS^^ of movZ«nf H?'^ conductive partfcles and the cr<L-linked 

melting regton. Tl,is rStriLingTunc^^^^ ?f '^^ ^' temperatures including in the 

polymer not only makes the <^nduct^e pI^l2rrS?s^^^^^^ '°"9-«"Se crystalline order of the 

ymer but also tends to take the part^errep^uSt S ^ ^^P^"^*"" °' P°'- 



higher thermal stability; 
higher oxidative stabilrty; 
higher mechanical and tensile strength; 
higher resiliency and impact strength; 



higher current rating; 
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• higher packing density for conductive particles; and, 

• higher order (i.e., more ordered PTC response and more controlled reversible separation of conductive particle 
chains from higher ordered crystalline polymer backbone); and 

s Referring now to the drawings, Figures 1, 2 and 3 show front, side and top views of an electrical circuit protection 

device of the invention, which comprises a PTC element based on cross-linked liquid crystalline polymers having 
conductive particles dispersed therein. As shown In the Figures 1 , 2 and 3, the circuit protection device (1) comprises 
a PTC element (2) composed of cross-linked liquid crystalline conductive polymer composition (3) which exhibits PTC 
behavior. The PTC conductive polymer (3) used In the device comprises (a) a polymeric matrix component (3.1 ) com- 

10 prising a liquid crystalline polymer, and dispersed in the polymeric component, (b) a particulate conductive filler (3.2). 

The circuit protection device (1 ) further comprises two longitudinally extending, preferably parallel, electrodes (4) 
and (5) separated by a distance which are each electrically connected at one portion (6), preferably in direct physical 
contact, e.g., embedded, in the PTC conductive polymer, to the PTC element and which are each electrically connect- 
able at another portion (7) to a circuit having a source of electrical power to cause a current (I) to pass through the 

IS PTC element (2). The electrodes are generally nnade of metal, typically In the form of wire or braids, and preferably 
are substantially identical. The first portions (6) of the electrodes can be any suitable configuratk^n, such as planar 
electrodes which are contacted by the PTC element only on one surface, or columnar electrodes which are either 
surrounded by or surround the PTC element. It should be understood that a person of skill in the art can provide the 
PTC element and electrode subassembly in any suitable configuration. 

20 The device (1 ) can also comprise an outer housing (8) for the PTC element which contains two exit ports (9) and 

(10) through each of which passes the second portion (7) of the two electrodes. The housing can be made of electrical 
and thermal insulating material. The axis of expansion of the PTC element upon self -heating above its switching tem- 
perature, T3, is shown as line (11 ). Such a circuit protection device (1 ) can be made by extruding or rmlding the molten 
uncross-linked PTC conductive polymer compositk>n (3) over an end of the electrode (4) and (5) and cross-linking the 

2S PTC composition with radiation white it is in contact with the electrode. 

Referring again to the drawings, Figure 4 shows a circuit (12) of the invention which comprises a power supply 
(13), a load (14), and a circuit protection device (1) which comprises a PTC element (2) composed of two electrodes 
(4) and (5) in electrical contact at a first portion (6) with a PTC conductive polymer (3) based on a liquid crystalline 
polymer and conductive particles distributed therein and at a second portion (7) with the circuit. The PTC element is 

30 typically connected in series with the power source and load. The power source can be a low voltage (600 volts AC or 
less) or high voltage (600 volts AC or more) power source depending on the temperature-resistance characteristics of 
the PTC conductive polymer composition. Preferred devices of the invention are liable at fault voltages of 100 to 500 
volts AC and have a survival life of at least 100 thermal cycles, preferably at least 500 thermal cycles. 

As mentioned above, the PTC composition of this invention generally exhibit anomatous PTC characteristics, that 

3S is, they undergo a sharp change in resistivity as the temperature is increased above a certain critical temperature. This 
very rapid and very large change In resistivity makes the compositions useful in current limiting devices. At normal 
operating temperatures, the conductive particles form conductive links or chains in the liquid crystalline polymer of the 
PTC element in the device. 

When the temperature of such device rises above the switching temperature. T^, during a fault condition, the 

40 resistivity of the composition rapidly increases and reduces the current through the device. As the temperature rises 
through the PTC element to near and through the polymer melting point, the polymer volume increases rapidly, de- 
creasing the conductive particle to polymer volume ratio. The change in volume through expansion of the polymer 
breaks or interrupts nnany conductive chains, causing a several-fold increase in the device resistance, thereby abruptly 
reducing the current to a safe value. The temperature of the device might rise above the switching temperature due 

^ to excessive current-generated resistive heating or by an increase in ambient tenoperature. After the fault is corrected 
and the devk:e is allowed to cool down, the device automattealty retums back to low resistance, since the PTC con- 
ductive polymer is once again formed with conductive links. 

A typical resistivity of the PTC device is less than about 1 ohm-cm at about 20''C or ambient temperature. A typical 
operating temperature range for the PTC device is between about -40'* and 120'*C. The transition temperature is typ- 

so ically greater than about 150**C and the response time is typically less than about 100 msec. The PTC device is pref- 
erably rated for greater than about 100 amps continuous current and preferably has a nominal operating voltage of 
greater than about 500 volts AC. The maximum fault current for the PTC device is preferably around 600 KA. 

PTC current limiting devices of the invention can be used for protecting motors, solenoids, telephone lines and 
batteries. These devices can be used like fuses or circuit breakers but have the advantage of not requiring replacement 

ss or manual reset after a fault condition, since they are autonr^ticaily resettable. Moreover, the PTC devices can be used 
in conjunction with breakers and contactors, for instance, in series, for enhanced circuit protection. 

The invention will now be illustrated by the following Examples, which are intended to be purely exemplary and 
not limiting. 
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EXAMPLE 1 

A one-eighth inch thick carbon fiber filled liquid crystalline polymer sold by Hoechst-Celanese Corporation under 
the trademark Vectra A230. which is a blend of about*70% Vectra A950 (poly(p-hydroxy-benzoate-co-2.6-hydroxy- 

5 naphthoate)) and about 30% carbon fiber, was irradiated with a radiation dose of 150 Mrads using a ^Co radiation 
source for about 7 days. The cross-linked liquid crystalline polymer was then tested for PTC response of resistance 
with temperature during thermal cycling between about room temperature and 180°C. The cross-linked carbon-filled 
poly(p-hydroxy-benzoate-co-2,6-hydroxynaphthoate liquid crystalline polymer showed a PTC effect without significant 
change in resistance with each thermal cycle. Then, the liquid crystalline polymer was further irradiated with a radiation 

10 dose of 265 Mrads using a ^Co radiatbn source for an additional 7 days. The cross-linked polymer was again tested 
for PTC behavk)r. The further irradiation did not significantly enhance the magnitude of the PTC effect. 

It was found that irradiation increased the resistivity of the polymer and altered the resistance-temperature behavior. 
Irradiation also increased the electrk:al stability of the polymer during thermal cycling, such that the polymer can be 
exposed to repeated trips. 

IS This invention disclosure incorporates by reference herein all of the U.S. patents and publications mentioned above 

in their entireties. 

The invention having been disclosed in connection with the foregoing embodiments and examples, additional 
embodiments will now be apparent to persons skilled in the art. The invention is not intended to be limited to the 
embodiments and examples specifically mentioned, and accordingly reference should be made to the appended claims 
20 rather than the foregoing discussion, to assess the spirit and scope of the invention in which exclusive rights are claimed. 

Claims 

2S 1. An electrical circuit protection device (1), which comprises: 

(a) a PTC ciomori (2) connprised of a cross-linked conductive polymer composition (3) which exhibits PTC 
behavior m wtich the cross-hnked conductive polymer comprises a polymeric component (3.1) of a liquid 
crystalline potymor nnd dislnbuted in the polymeric component, a particulate conductive filler (3.2); 
30 (b) two elonga!od electrodes (4.5) which are electrically connected at a first portion (6) to the PTC element 

and which arc elect ricalty connectable at a second portion (7) to a source of electrical power to cause current 
to pass through the PTC element. 

2. The device (1 ) of claim 1 . in which the first portion (6) of each of the two electrodes (4,5) is in physbal contact with 
3S the PTC element (2) 

3. The device (1 ) of claim 1 , in which the electrodes (4,5) are spaced apart and longitudinally extend parallel to each 
other and are embedded at the first portions (6) in the PTC element (2). 

40 4. The device (1 ) of claim 1 , in which the electrodes (4,5) are a single piece of solid metal. 

5. The device (1) of claim 1, in which the liquid crystalline polymers (3.1) comprise thernnotropic liquid crystalline 
polymers. 

4S 6. The device (1 ) of claim 1 , in which the liquid crystalline polymers (3.1 ) are selected from the group consisting of 
aromatic polyesters, aromatic copolyesters, aromatic copolyester amides, aromatk: polyamides, and aromatic 
polyazomethtnes, and blends thereof. 

7, The device (1 ) of claim 6, in which the liquid crystalline polymers (3. 1 ) comprise aromatic polyesters selected from 
so the group consisting of poly(p-phenylene tere-phthalate), poly(p-hydroxybenzoate), and blends thereof. 

8. The device (1) of claim 6, in which the liquki crystalline polymers (3.1) comprise aronnatic copolyesters selected 
from the group consisting of poly(p-hydroxybenzoate-co-2,6-hydroxynaphthoate), poly(deca-methylenetereph- 
thaloyl di-p-hydroxybenzoate). poly(ethylene terephthalate-co-oxybenzoate), and blends thereof. 



55 



9. The device (1) of claim 6. in which the liquid crystalline polymers (3.1) comprise a aromatic copolyester amide 
comprising poly(2,6-hydroxy-naphoate-phenoxy-aminoterephthoate). 
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10. The device (1) of claim 6, in which the liquid crystalline polymers (3.1) comprise aromatic potyamides selected 
from the group consisting of poly(p-phenylene terephthalamide), Kevlar, poly(p-benzamide), poly(2-chloro- 
1.4-phenylene terephthalamide). poly(p.p'-biphenylamide), poly(2,6-napthalamide), and blends thereof . 

5 11. The device (1 ) of claim 6, \n which the liquid crystalline polymers (3. 1 ) comprise aromatic polyazometh ines selected 
from the group consisting of poly(nitro-2-methyl-1 ,4-phenylenenitriloethylidine-1 ,4-phenylenethylidine), poly(nltri- 
lo-2-methyl-1,4-phenylenenitrilomethylidine-1,4-phenylenemethylidine), poly(nitrolo-2-chIoro-1,4-phenyleneni- 
trilomethylidine-1 ,4-phenylenemethylldine), and blends thereof. 

10 12. The device (1) of claim 1, in which the particulate conductive filler (3.2) is selected from the group consisting of 
conductive carbon black, graphite, carbon fibers, metals, alloys, metal salts, and metal oxides. 

13. The device (1) of claim 1 , in which the particulate conductive filler (3.2) comprises carbon black. 

IS 14. The device (1 ) of claim 1 , whbh further comprises: 

(c) a rigid outer housing (8) surrounding the PTC element (2) and electrodes (4,5) which housing is spaced 
apart from the PTC element and which contains two exit ports (9.10) through each of which passes one of the two 
electrodes. 

20 1 5. The device ( 1 ) of claim 1 , in which the PTC element (2) has a resistivity at room temperature of less than 1 ohm-cm. 

16. The device (1) of claim 1 , in which the PTC element (2) is cross-linked by radlatbn. 

17. The device (1) of claim 11 , In which the PTC element (2) is cross-linked at a radiation dose of between about 15 
2S and 800 Mrads. 

18. The device (1) of claim 1 , in which the particulate conductive filler (3.2) is dispersed in the polymeric component 
(3.2) in an amount from 10 to 60% by weight based on the total PTC element 

30 19. An electrical circuit (12), whbh comprises: 

(a) a power source (13) having a voltage \^ 

(b) an electrical toad (14); and, 

(c) an electrical circuit protection devbe (1), whrch comprises a PTC element (2) comprised of one or more 
3S cross'linked conductive polymer compositions (3) which exhibit PTC behavkx in which the one or more cross- 
linked conductive polymer comprises a polymeric component (3.1) comprising one or nnore liquid crystalline 
polymers, and, distributed in the polymeric component, a particulate conductive filler (3.2), and two elongated 
electrodes (4,5) which are electrically connected at a first portion (6) to the PTC element and which are elec- 
trically connected at a second portion (7) in series to the load and the power source to cause current to pass 

40 through the PTC element, so that, if an external power source is introduced into the circuit and increases the 

current through the circuit protectk^n device above a predetermined fault level, the PTC element self-heats to 
a switching temperature and expands along an axis of expansion to limit the current passing therethrough to 
a safe valve. 

45 20. The circuit (12) of claim 19, in which the electrical circuit protection device (1 ) is liable to faults of about 600 volts 
AC or greater. 

21. The circuit (12) of claim 19, in which the liquid crystalline polymers (3.1) are selected from the group consisting of 
aromatic polyesters, aromatic copolyesters, aromatic copolyester amides, aromatic polyamides, and aromatic 

so polyazomethines. and blends thereof. 

22. The circuit (12) of claim 19, in which the particulate conductive filler (3.2) is selected from the group consisting of 
conductive carbon black, graphite, carison fibers, metals, alloys, metal salts, and metal oxides. 

ss 23. The circuit (12) of claim 19, in which the liquid crystalline polymer (3.1) comprises poly(2,6-hydroxy-naphoate- 
phenoxy-aminoterephthoate) and the particulate conductive filter (3.2) comprises carbon black, carbon fiber or 
graphite. 
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24. The circuit (12) of claim 19, in which the liquid crystalline polymer (3.1) comprises poly(2,6-hydroxynaphoate- 
phenoxyamlnoterephthoate) and the particulate conductive filler (3.2) comprises carbon black, carbon fiber or 
graphite. 
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(54) Electrical circuit protection devices compriaing PTC conductive liquid crystal polymer 
compositions 



(57) Electrical circuit protection devices (1 ) contain- 
ing PTC elements (2) comprised of conductive polymers 
(3) which exhibit PTC behavior and are used to protect 
a bad in an electricai circuit, in which the PTC conduc- 
tive polymers are based on highly crystalline and highly 
ordered liquid crystal polymers (3.1) and particulate 
conductive fillers (3.2) dispersed therein, which are 
cross-linlced by radiation. These circuit protection devic- 
es (1) operate as automatically resettable current limit- 
ers and are particularly useful for protecting motors, so- 
lenoids, telephone tines and batteries, and for enhanc- 
ing circuit interruption capability when used in conjunc- 
tion with breakers and contactors. The Iquid crystal pol- 
ymers (3.1) Include aromatic polyesters, e.g., poly(p- 
phenylene terephthalate) and poly(p-hydroxyben- 
zoate); aromatic copolyesters, e.g., poly(p-hydroxyben- 
2oate-co-2,6-hydroxynaphthoate),poly(deca-methyl- 
eneterephthaloyl di-p-hydroxybenzoate, and poly( ethyl- 
ene terephthalate-co-oxybenzoate); aromatic copoty es- 
ter amides, e.g., poly(2,6-hydroxy-naphoate-phe- 
noxyaminoterephthoate); aromatic polyamides, e.g., 
poly(p-phenyieneterephthalamide). Keviar, poiy(p-ben- 
zamide). poly(2-chioro-1 ,4-phenylene terephthala- 
mide), poly(p,p'-biphenylamide). and poly(2,6-naptha- 
lamide); aromatic polyazomethines, e.g., poly(nitro- 
2-methyI-1 ,4-phenylenenitriloethylidlne-1 ,4-phe- 
nylenethylidine), poly(nitrilo-2-methyl-1 ,4-phenyleneni- 
trilomethylidine-1 ,4-phenylenemethylidine). and poly 
(nitrolo-2-chloro-1,4-phenylenenitrik)methylidine- 



1,4-phenylenemethylidine); and, blends thereof. The 
particulate conductive fillers (3.2) include carbon black, 
carbon fibers, graphite, and metal flakes. 
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